The number of students graduating from accredited programs has been increasing annually since the first students graduated from accredited engineering programs in Korean universities in 2004. In this paper, we evaluate the effect of engineering education accreditation by the Accreditation Board for Engineering Education of Korea (ABEEK). We developed performance evaluation indices based on the balanced scorecard concept and applied the proposed indicators to graduates, faculty, and industry employers to see if there are significant differences between accredited and non-accredited groups. Overall, regardless of survey object, engineering education accreditation was perceived to contribute to the elevation of engineering and science and the level of national growth. However, the differences between accredited and non-accredited groups for some key performance indicators were statistically insignificant. The results of this paper are expected to provide crucial feedback information for the improvement of engineering education accreditation in Korea.
INTRODUCTION
Science and technology are the key elements contributing to global competitiveness in the 21st century. Engineering, in particular, is a crucial component of advances in science and technology (Geiger, 1990; Sohn and Ju, 2010a) . The striking change in the global status of Korea is fundamentally based on the development of its engineering capabilities. Engineering is a critical component of Korean industries and plays a core role in advancing the technical and scientific knowledge of those industries. Due to the increase in the importance of engineering, additional focus has been placed on engineering education in Korea, and the majority of universities in Korea have begun to adopt engineering accreditation.
In 1999, the Accreditation Board for Engineering Education of Korea (ABEEK) was established to improve engineering education. ABEEK has concentrated its efforts on fostering engineering education and promoting qualified engineers through accreditation and consultation. Since accreditation was implemented in 2000, 604 programs in 101 universities have been accredited by 2013. As the social and national roles of ABEEK grow, the accreditation performance of engineering education has become a concern. Especially, society wants to know if accredited students have superior knowledge and ability compared to non-accredited students. In addition, in order to compare two groups, we need to set specific indicators and their relationship.
In this paper, we propose a framework for the performance evaluation of engineering education accreditation using the balanced scorecard (BSC) concept. According to Kaplan and Norton (1992 , 2001a , 2001b , 2001c , the BSC contains a diverse set of performance measures spanning financial performance, customer relations, internal business processes, and the organization's learning and growth activities. Since Kap-The largest differences between 1994 and 2004 graduates are in the awareness of societal and global issues (criterion 3.h, j) and the smallest difference is in graduates' abilities to apply mathematics and sciences (criterion 3.a). According to Lattuca et al. (2007) , in the EC2000 areas where employers perceive the need for more attention to skill-building, such as teamwork, communication (criterion 3.d, g ) and use of modern engineering tools (criterion 3.k), faculty and program chairs report the greatest increase in curricular emphasis. Furthermore, Lattuca et al. (2006) indicated that program chairs did not consider industry feedback as having a significant, independent influence on any changes at the program level, but they believe ABET has had a significant and independent influence on the curricular changes in their programs.
In this paper, we compare the performances of accredited programs to those non-accredited ones in Korea.
In addition, we consider the long-term impact, such as the percentage of students who go on to a higher stage of education, contribution to improvement in job performance, and advancement of engineering and science. In Korea, the ABEEK criteria (KEC2000) were constructed on the basis of EC2000 of ABET. We reorganized these criteria using the BSC concept and developed the performance evaluation indices to evaluate the performance of engineering education accreditation of Korea.
In the business field, the output-focused performance, such as financial measures, overlooks the importance of the organization's relationship with its environment (Butler et al., 1997; Chen, 2011; Ale Ebrahim et al., 2011; Wiratmadja et al., 2011) . The same phenomenon occurs in engineering education accreditation area as well. EC2000 study evaluated the student learning outcome without proper explanation in regard to engineering education environment. On the contrary, in this paper, we consider the relationship among educational objectives, educational environment, learning and growth, and accreditation results. To overcome this limitation, we apply the BSC concept to engineering education accreditation. Since the BSC emphasizes the linkage of measurement to strategy (Kaplan and Norton, 1992) and provides a framework for managing the implementation of strategy while also allowing the strategy itself to evolve in response to changes in the company's environments (Kaplan and Norton, 1996) , it is also possible to show the strategic linkage and cause-and-effect of components in engineering education environment by using BSC approach, in particular, strategy map. We propose a strategy map for the engineering education accreditation with performance evaluation indices.
The performance evaluation indices proposed with BSC approach in this paper include the quality and learning outcomes of students, educational objectives of program, program outcome and assessment, such as the criterion 3(a-k) of ABET, professional component, faculty, facilities & funds, and program criteria.
We consider students (graduates) as education recipients, professors as education providers, and companies as end education users. Three targeted groups compare accredited groups with non-accredited ones, in order to grasp significant differences between engineering education accreditation programs and non-accreditation programs. Especially, following aspects are focused: students' leaning and growth, internal processes, program objectives, educational environment, and accreditation results with respect to output, outcome, and impact.
Our main research hypothesis is that there would be some aspects of engineering accreditation which are perceived to be ineffective in view of professors, graduates, and employers, which need some further improvements.
The organization of this paper is as follows. Section 2 explains the institutional backgrounds and the current status of engineering education accreditation of Korea. Section 3 reviews related studies. Section 4 inBalanced Scorecard Based Performance Analysis of Accreditation for Engineering Education Vol 13, No 1, March 2014 , pp.67-86, © 2014 troduces critical success factors (CSFs) and key performance indicators (KPIs) as well as strategy map based on the BSC. Section 5 presents the empirical results of the data obtained from the accredited and non-accredited groups. The last section summarizes the results of this study and suggests areas for further investigation.
INSTITUTIONAL BACKGROUNDS
In this section, we summarize two of the most representative engineering accreditation criteria, which are ABET of the United States and UK-SPEC of the UK, along with the criteria of ABEEK.
Accreditation Criteria of ABET and UK-SPEC
Accreditation in the United States dates back to 1932, and over the decades the tendency for accreditation criteria was to become more detailed and prescriptive. However there was a major change in direction when ABET introduced the current EC2000 as accreditation criteria, which focus primarily on student learning outcomes (Bullen and Silverstein, 2005; Stiles, 1968) . The programs seeking accreditation by ABET should demonstrate clearly that the program meets the following criteria (Felder and Brent, 2003) : a) an ability to apply knowledge of mathematics, science and engineering; b) an ability to design and conduct experiments, as well as to analyze and interpret data; c) an ability to design a system, component, or process to meet desired needs within realistic constraints, such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability; d) an ability to function on multi-disciplinary teams; e) an ability to identify, formulate, and solve engineering problems; f) an understanding of professional and ethical responsibilities g) an ability to communicate effectively; h) the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context i) a recognition of the need for, and an ability to engage in life-long learning j) a knowledge of contemporary issues; and k) an ability to use the techniques, skills, and modern engineering tools necessary form engineering practice.
In the UK, Engineering Council of the United Kingdom (ECUK, 2007) sets and maintains the standards for the engineering profession and sets the overall requirements for accreditation. ECUK licenses professional engineering institutions (licensed members) to undertake the accreditation within these requirements-interpreting them as appropriate for their own sector of the profession-and maintains the registers of accredited or approved programs. Licensed members use the accreditation process to assess whether specific educational programs provide some or all of the underpinning knowledge, understanding and skills for eventual registration in a particular category. Under the United Kingdom Standard for Professional Engineering Competence (UK-SPEC), the decision whether to accredit a program will be made on the basis of the program delivering the learning outcomes which the licensed member has specified. The output standards for accredited engineering program will encompass two different categories of learning outcomes that are inter-related. One category will be general in nature, and will apply to all types of program. The second category will be more specific. The first category, general learning outcomes describe the overall nature of the program (Bull et al., 2009) : 1) knowledge and understanding, 2) intellectual abilities, 3) practical skills, and 4) general transferable skills. The second category, specific learning outcomes have the following items: 1) underpinning science and mathematics, and associated engineering disciplines, 2) engineering analysis, 3) design, 4) economic, social and environmental context, and 5) engineering practice.
Accreditation Criteria of ABEEK
Since its founding in 1999, the ABEEK has strived to ensure the quality of educational programs in engineering and related disciplines, and to enhance the professional competence of the graduates of those programs in Korea.
ABEEK carries out a comprehensive process of accreditation to determine whether engineering institutions fulfill the educational objectives of their programs, and whether these institutions have a system of continuous quality improvement in place by measuring their own performance and making appropriate changes. ABEEK also provides advisory services to help institutions and programs achieve the following goals. First, ABEEK assures that the graduates of accredited programs are qualified to start their professional careers in engineering. Second, it assures that accredited programs meet accreditation criteria. Third, it promotes new and innovative methods in engineering education, provides guidelines for engineering programs, and offers consultation regarding these guidelines. Fourth, ABEEK fosters public recognition of the accredited programs.
ABEEK administers the accreditation process and establishes accreditation criteria that address program educational objectives, program outcomes and assessment, professional components, faculty members, facilities and funding, and the program criteria. These criteria are applied with due discretion to fully reflect specialization and differentiation among the programs seeking accreditation (www.abeek.or.kr).
The accreditation criteria are applied to engineering education at four-year universities or colleges. Accreditation encourages outcome-based education. In this study, criteria were divided into eight standards: program educational objectives, program outcomes and assessment, subject domains, students, faculty, educational environment, educational improvement, and program criteria.
The program outcomes and assessment category is especially important. Engineering programs must demonstrate that their students attain the following (ABEE, 2005) : 1) the ability to apply the mathematics, science, and engineering knowledge; 2) the ability to design and conduct experiments, as well as to analyze and interpret data; 3) the ability to design a system, component, or process to meet the desired needs; 4) the ability to function in multi-disciplinary teams; 5) the ability to identity, formulate, and solve engineering problems; 6) an understanding of professional and ethical responsibilities; 7) the ability to communicate effectively; 8) a broad education which is necessary to understand the impact of engineering solutions in a global and societal context; 9) recognition of the need for, and an ability to engage in life-long learning; 10) knowledge of contemporary issues in the society, economy, environment, and law; 11) the ability to understand other cultures and engage in international collaboration; and 12) the ability to use the up-to-date techniques, skills, and engineering tools required of engineering professionals. Each program should have an assessment process with documented results. The results should take into account the need for continual improvement of the program. Outcomes are important to satisfying the institutional mission and program objectives.
LITERATURE REVIEW
We review some related study on performance analysis and variables that have been considered in numerous studies of engineering education.
Performance Analysis
There have been diverse efforts to propose a proper evaluating method for engineering programs or departments in order to measure the performance of them (Chen et al., 2009; Felder and Hadgraft, 2013; Johnson et al., 1999; Lee et al., 2008; Murphy et al., 2010; Politis and Siskos, 2004; Siskos et al., 2007; Sohn and Ju, 2010b; Sohn and Ju, 2011; Sohn and Kim, 2012; Stronge and Helm, 1992) . One of most representative case studies concerning performance analysis in engineering programs was the EC2000 study commissioned by the Center for the Study of Higher Education at Pennsylvania State University; this study lasted for three and a half years (Lattuca et al., 2006) . The goal of the EC2000 study was to assess the effects of the outcome-based accreditation conducted by the ABET on aspects of engineering change. ABET was established to serve the public by the promotion and advancement of engineering education, applied science, computing, engineering, and technology through the development of better educated and more qualified persons in their respective fields. ABET evaluates educational programs at engineering colleges and universities and focuses mainly on program accreditation rather than institutional or departmental accreditation using outcome-based criteria (Patil and Codner, 2007) . Strauss and Terenzini (2005) described the development and evaluation of practical and useful instruments for assessing the learning outcomes specified in EC2000's criterion 3. EC2000 includes curricular and instructional practices, institutional polices, faculty culture and attitudes, and the eleven (a-k) learning outcomes. These authors extracted 38 items related to the learning outcomes, and then composed the nine factors from the outcome items using principal components analysis. Lattuca et al. (2007) explored whether EC2000 has had a measurable impact on engineering program curricula, and whether the curricular changes observed are aligned with employers' ratings of the abilities of new engineering hires. For this, they compared the changes in programs and courses reported by chairs and faculty with the assessments of new engineering hires reported by employers. They found that the changes reported for each program by the chair generally exceeded the changes reported collectively by the faculty for their particular focal courses. They also found that the interaction among industry, engineering education, and ABET continues, so that engineering programs are increasing emphasis on those areas of knowledge and skills that employers judge to be the least well developed in new engineering hires.
In addition to engineering education area, studies regarding performance analyses have been actively conducted in many places. The common characteristic is setting up performance indicators. Porter et al. (2006) suggested a systematic model of innovation for science, technology, engineering, and mathematics (STEM) education. The model consists of seven segments which are research, mediators, teachers, settings, learners, performance, and assessment. Each segment has some related factors, such as experiential knowledge, educational materials, teaching knowledge, classroom, immediate learning, long-term learning, and the others. The model suggests that higher educational innovation in research universities is severely disadvantaged in many regards, and it also suggests a number of organizational and structural factors that must be addressed to bolster the prospects of educational improvement at research universities. Sohn et al. (2007) evaluated the performance of financial support for R&D in science and technology for SMEs. They developed indicators in terms of input, output, and environmental factors, and estimated the performance of R&D fund recipients. They utilized Malcolm Baldrige National Quality Award (MBNQA) criteria in developing a model for assessing the R&D performances.
In order to measure college students' perspectives towards engineering, Li et al. (2008) surveyed about 26 questions and conducted a factor analysis to obtain 4 factors, such as intrinsic value, cost value, individual utility value, and societal utility value. Roach and Elliott (2006) investigated the influence of assess to general education curriculum on alternate Balanced Scorecard Based Performance Analysis of Accreditation for Engineering Education Vol 13, No 1, March 2014 , pp.67-86, © 2014 assessment performance of students with significant cognitive disabilities. For this, the authors used Wisconsin Alternate Assessment, such as reading, language arts/ writing, mathematics, social studies, and science. Development of indicators is an important process in performance analysis. We set up the performance indicators for accreditation based on KEC2005, which is the updated version of KEC2000.
Balanced Scorecard
It is evident that the BSC has been widely adopted in the business sector. Lately, it is applied to education sector (Umashanker and Dutta, 2007; Vogt, 2001) . Sutherland (2000) reported that the Rossier School of Education at University of Southern California adopted the BSC to assess its academic program and planning process. Chen et al. (2006) studied the performance evaluation of higher education using the BSC. The purpose of their research was to examine whether the BSC can be used for performance evaluation of higher education as a strategic management tool. From the study, they found that both BSC and other management systems must be supported by senior supervisors and the outcome of implementation is promising and successful. In addition, the authors insisted that quantified performance measure indicators (PMIs) must be established in a specific and simple manner that allows all staff members to understand the orientation of the BSC in fulfilling their daily tasks, in order to evaluate progress and performance of higher education. Lee et al. (2000) investigated strategy formulation framework for vocational education. The proposed framework integrates three widely used business management strategic tools together with the education criteria 1999 adopted from the MBNQA for strategy development in vocational education. The methodology of their proposed framework was to conjoin the strengths, weakness, opportunities, threats (SWOT) matrix with the BSC, identifying the four CSFs. Lee and Walsh (2004) studied quality in early childhood programs. The authors used multiple methods, such as documents analysis, a survey questionnaire sent to programs evaluation and interview with early childhood practitioners. They mentioned that good evaluation should start with an in-depth understanding of the programs and open discussion about program quality and underlying values.
According to Kaplan and Norton (1992 , 2001a , 2001b , 2001c , the BSC contains a diverse set of performance measures spanning financial performance, customer relations, internal business processes, and the organization's learning and growth activities. Since Kaplan and Norton suggested the general BSC model, many studies have used those four perspectives, or modified versions, in their BSCs. Olve et al. (1999) readjusted four perspectives for applied public section.
PERFORMANCE ANALYSIS OF ACCREDITATION

Framework
We propose a framework of performance analysis of engineering education accreditation based on BSC. We first introduce CSFs and KPIs which vary according to whether they are being applied to graduates, faculty, and industries, with several of the KPIs being common among these groups.
In the proposed BSC model to evaluate the performance of engineering accreditation, we define the following five perspectives: educational objectives and standards, internal processes, educational environment, learning and growth, and accreditation results. These perspectives were largely captured by the accreditation criteria of KEC2005 modified from KEC2000 which is the Korean version of EC2000. CSFs of these five aspects of Table 1 reflect KEC2005 We analyze both subjective and objective performances of accreditation. For this, the KPIs are set up in terms of qualitative and quantitative groups to represent both subjective and objective performances respectively, and all KPIs are investigated separately for individual target group in Table 1 .
Qualitative indices are investigated in terms of a 7-point Likert scale, higher number representing better performance while quantitative indices are adjusted to fit the scale as introduced in Table 1 . For instance, percentage of employment and percentage of students who go on to a higher stage of education are rescaled form 0 to 10 representing 10% for 100%. Figure 1 presents the overall strategy map based on Table 1 . Strategy map is developed by the members of ABEEK committee during November 2007 to October 2008 that is based on KEC 2005. The proposed strategy map consists of hierarchical concept of engineering education process. Especially, this strategy map describes the causal chains between the CSFs, such as reflection of industry requirements, graduate standards, curriculum, and so on. For example, "graduate standards" can be affected by "reflection of industry requirements", and this CSF affects "curriculum" and "student guidance and counseling." In the strategic map, "program outcomes and assessment" is the central role of causal chains because this CSF is the final destination of the paths including CSFs from the "educational objectives and standards" to "educational environment" perspectives, and the linkage to connect these perspectives to "accreditation results" perspective. The overall strategy map can be specified by each group, such as graduate group and faculty group. The industry group, however, cannot be specified into its own strategy map because the industry does not directly participate in the engineering education process. The strategy map of each group will be discussed later. , pp.67-86, © 2014 From the preceding research, we confirmed that BSC concept can be used performance analysis of accreditation for engineering education. The BSC has been used effectively in this research because it offers quantitative and qualitative information. We investigated the effect of engineering accreditation using the following three hypotheses based on BSC concept:
Hypothesis 1: The expected KPI values of graduates would not differ between accredited and non accredited programs. Hypothesis 2: The expected KPI values of professors would not differ between accredited and non accredited programs. Hypothesis 3: The expected KPI values of employers would not differ between accredited and non accredited programs.
For the test of these hypotheses, we surveyed corresponding three groups.
Survey Data
A survey was distributed to industry employers, graduates, and faculty members from accredited and nonaccredited programs via a professional survey agency during the two weeks of August 11-22, and August 11 to September 21, 2008. Some examples of the survey questions are shown in Appendix A.
In order to collect the data of graduated from accredited programs; we conducted random survey that is conducted by professional survey agency. Total 2,110 graduated who have graduated from accredited program after 2004, which was the first year students graduated from accredited engineering programs in Korean universities. In a population, the agency has set up the number of sample population that is about 100 graduates. Through Web based survey and phone call survey, 103 graduates were responded to survey.
Thus total respondents for accredited graduates' survey were 103. Among them 76% are male. At the same time, the survey agency collected 100 responses for nonaccredited program graduates: 58 responded from telephone survey, 42 responded from field surveys. Of 100 non-accredited program respondents, 97% are male. The proportion of considered engineering disciplines of graduates' population show that the sample has a plausible representativeness: architectural engineering (5%), mechanical engineering (23%), industrial engineering (2%), material engineering (6%), electrical engineering (26%), computer engineering (15%), environmental engineering (3%), chemical engineering (3%), civil engineering (8%), and etc. (9%).
In the case of both faculty and employer respondents, we tried to get similar size of sample to the number of graduates respondents. We obtained a total of 110 responses for faculty survey: computer engineering (31%), mechanical engineering (18%), electrical engineering (12%), chemical engineering (11%), architectural engineering (7%), industrial engineering (7%), environmental engineering (5%), materials engineering (4%), civil engineering (3%), biological engineering (1%), and textile engineering (1%).
The agency also performed industry survey to collect employer's responses. Through telephone survey, the agency gathered 100 sample data of industry employers: the target respondents were from selected companies listed in the Korea Securities Dealers Automated , pp.67-86, © 2014 Quotations (KOSDAQ) which have employees who graduated from both accredited and non accredited programs. The respondent industries consist of construction (24%), electricity (16%), shipbuilding (12%), motor (10%), mechanic (10%), metal (6%), semiconductor (5%), aircraft (5%), energy (3%), railway (2%), appliances (2%), pharmaceutical (1%), and other industries (4%). Consequently, we obtained 103 accredited program graduates, 100 non-accredited program graduates, 110 faculty members, and 100 industry employers' data. Using these data, we conducted the performance evaluation of engineering education accreditation.
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EMPIRICAL PERFORMANCE EVALUATION OF ACCREDITATION
In this section, we test our hypotheses on the performance comparison of engineering education accreditation by applying the proposed indicators to graduates, faculty members, and industry employers to see if there are significant differences between accredited and nonaccredited engineering programs.
Graduates
To test Hypothesis 1, we begin with the null hypothesis that the expected KPI values of graduates would not differ between accredited and non-accredited programs. To test this hypothesis, we conducted t-test. The results are shown in Table 2 .
At a significance level of 5%, all KPIs showed a significant difference between accredited and non-accredited programs except for the frequency of counseling experienced, number of faculty members, percentage of employment, and percentage of students who go on to a higher stage of education.
These results showed that the engineering education accreditation policy is effective too graduates in general. Especially, accredited programs have higher score than non-accredited programs about all KPIs of 'program outcomes and assessment'. The largest KPI difference between accredited and non-accredited programs was found in adequacy of graduate standards. Also, accredited programs have a higher score than non-accredited programs in terms of outcome and impact of CSF. But, output has insignificant difference between accredited and non-accredited programs. Such a result means that accreditation policy needs to be supplemented in terms of output.
To obtain additional information from graduate survey, such as differences in the counseling experience or the required credits for specific subjects of two groups, we conducted a chi-square test additionally. In this chi-square test, the null hypothesis is the same as the one used with the previous t-test. The chi-square and t-test are used to analyze of proportions, continuous normal random variables, respectively (Murphy et al., 2010) . The results of chi-square test are given in Table 3 .
The chi-square test results indicate that two KPIs (completion of more than 60 credits in major subjects, and completion of more than 18 credits in cultural subjects) did not show a significant difference at a level of 5%. However, accredited graduates have more credits completed in mathematics/science/computer and design subjects. Figure 2 shows the strategy map for graduates. The CSF "program and educational improvement" was not included in this strategic map because graduates do not concern this CSF (refer to Figure 1 for the overall strategy map). The circles displayed in Figure 2 indicate the CSFs which have at least one insignificant KPI. From this, we found that the "internal process" is the weakest in the graduates' perspectives, and suggest that the "curriculum", "student guidance and counseling", "number of faculty members" and "output" should be improved to gain better accreditation effects in graduates' perspectives.
Faculty
In the faculty survey, we classified accreditation types as non-accredited, accreditation disapproved, accreditation evaluation reserved, accreditation evaluation in progress, preliminarily accredited, and accredited. The class "non-accredited" indicates that preparation is underway for engineering accreditation evaluation. "Accreditation disapproved" is the result of a failed accreditation evaluation. "Accreditation evaluation reserved" indicates a pending evaluation. "Accreditation evaluation in progress" indicates an on-going evaluation. "Preliminarily accredited" indicates an approved engineering program which does not have graduates yet. "Accredited" indicates an approved engineering program which has graduates. There were 33 programs in the nonaccredited class (30%), three in the accreditation disapproved class (3%), eight from the accreditation evaluation reserved class (7%), 21 in the accreditation evaluation in progress class (19%), 26 from the preliminarily accredited class (24%), and 19 from the accredited class (17%). We divided the five accreditation types into two groups: accredited (preliminarily accredited and accredited), and non-accredited (non-accredited, accreditation disapproved, accreditation evaluation reserved, and accreditation evaluation in progress).
Then we conducted a t-test to determine the significance of differences between the accredited and nonaccredited groups in the perspectives of professors. The null hypothesis is that the expected KPI of professors would not differ between accredited and non-accredited programs. The results of the t-test for faculty are shown in Table 4 .
The results of the t-test in the Table 4 showed that two groups of professors evaluated that a large proportion of KPIs is not significantly different between the accredited and non-accredited groups. Only fourteen KPIs turned out to have significant difference at a level of 5%. Professors from both accredited and non-accredited programs did not see significant difference in both the percentage of employment and the percentage of entrance into a graduate school. In addition, all KPIs of impact are not significantly different. That is, professors view that there are no significant contribution difference due to engineering education accreditation to country and society. In professors' opinion, significant KPIs are the improvement in departmental awareness and the improvement in the curriculum and educational programs. , pp.67-86, © 2014 Figure 3 shows the strategy map for faculty. The circles displayed in Figure 3 indicate the CSFs which have both insignificant KPIs and negative values. The negative values in average KPI indicate that the average scores that professors from accredited programs evaluated were higher than those from accredited programs. In professors' perspective, "student guidance and counseling", "facilities and funds", "number of faculty members" and "impact" should be improved in order to gain better accreditation effects.
Industry
In industry, we investigate whether employers feel differences between accredited programs and non accredited programs in terms of the KPIs.
Since the questionnaires for industry managers were made to compare employees graduated from accredited program with those from non-accredited program (refer to Appendix A), the target respondents were needed to be the managers who have experienced both employees graduated from accredited program and the other. This is a different feature of industry survey from the others. For the purpose of comparison of both types of employees, we conducted a paired t-test for the difference observed from a pair of employees from each group by each manager.
To carry out the paired t-test, we converted the 7-point scale into a scale ranging between -3 to +3 with 0 indicating no difference between the two groups. If the result of the paired t-test is positive (+), it is interpreted that the new employees graduated from accredited program were rated better. If the result of the paired t-test is negative (-), it is interpreted that the new employees graduated from non-accredited program are better. The results of the paired comparison t-test are shown in Table 5 .
At a significance level of 5%, most KPIs showed a significant difference between employees who graduated from accredited program and non-accredited program except for the understanding of professional and ethical responsibilities. Except for these two, the employees who graduated from accredited program were rated higher than employees from non-accredited program. Especially, the employees who graduated from an accredited program were evaluated to be excellent in the , pp.67-86, © 2014 ability to apply mathematics, science, and engineering science knowledge. Additionally, we check that the contribution of the engineering education accreditation programs in terms of accreditation results, such as output, outcome, and impact using chi-square test. To perform the chi-square test, we classified industry respondents of each KPI into three groups: 1-3 points represent a low contribution level, 4 points represent a middle contribution level, and 5-7 points represent a high contribution level. The results of the chi-square test are shown in Table 6 .
At a significance level of 5%, the results of the chisquare test indicate that all KPIs in terms of output, outcome, and impact showed a significant difference in the contribution level. Approximately 50% of industry respondents answered that engineering education accreditation program contributes to industry, country, and society.
CONCLUDING REMARKS
In this study, we developed the performance evaluation indices and the strategy map based on the BSC concept and evaluated the effects of engineering education accreditation in Korea. There were many studies which attempted to assess the accreditation. However, this study is the first to apply the BSC to comparing the accredited program to non-accredited ones in Korea.
While EC2000 study focused only on criterion 3(ak), we consider all the criteria of engineering accreditation: quality and learning outcomes of students, educational objectives of program, program outcome and assessment that covers criterion 3(a-k) of ABET, professional component, faculty, facilities and funds, and program criteria. With such criteria and specific measures, we proposed performance evaluation indices for engineering education accreditation in a BSC framework.
To evaluate the effect of engineering education accreditation of ABEEK, we applied the proposed indicators to graduates, faculty, and industry employers to determine if there are significant differences between accredited and non-accredited programs.
The test results indicated that for graduates, 35 of 42 KPIs showed significant differences between accredited and non-accredited programs. The adequacy of graduate standards showed the biggest difference between the two groups. Counseling satisfaction also showed a significantly large difference.
For faculty, only 14 KPIs showed significant differences between accredited and non-accredited programs. For those 14 KPIs, overall, the accredited group had a higher average score than the non-accredited group. However, in the case of "facilities and funds", the result was the opposite. That is, the average scores of nonaccredited group were higher than accredited group in the aspects of laboratories, equipment, facilities, and funding. To overcome these unexpected results, the institutes having accredited programs need to strengthen education facilities and funding support.
Industry evaluated that for almost all KPIs employees graduated from accredited program are better than those from non-accredited program. This improvement was seen especially in the ability to apply mathematics, science, and engineering science knowledge, and the ability to use up-to-date techniques, skills, and engineer- , pp.67-86, © 2014 ing tools. In the EC2000 study, however, the employers reported that "use math, science, and technical skills", "apply problem-solving skills" and "understand of the environmental contexts/constraints" have declined from 1994 to 2004, while the other two of the five dimensions reflecting criterion 3(a-k), such as "learn, grow, and adapt" and "communicate and work in teams" have increased (Lattuca et al., 2006) . Although the present study was fundamentally based on EC2000 study, it looked at more on the difference between the accredited group and the non-accredited group while EC2000 study considered the engineering change according to implementation of outcomes based EC2000 accreditation criteria. Our study also shows the differences in factors appeared in the entire circumstance of accreditation by adopting the BSC approach and strategy map.
That is, the strategy maps are given to show the causal relationship between CSFs. By reviewing the paths on strategy maps in detail, we found some areas that need to be improved for enhancing our accreditation framework. For example, in the strategy map for graduates, "curriculum," "student guidance and counseling," "number of faculty members," and "output" have at least one insignificant KPI. Thus, for the future improvement of our accreditation framework, these four CSFs that have at least one insignificant KPI should be improved. One of the improved actions that the accredited program easily can conduct is the group counseling. In many previous studies, the counseling has been introduced as one of the best solutions for reducing the gap of student achievement or learning performance (Campbell and Brigman, 2005) . Most education institutes have already been doing counseling. However, the participation rate of the students to counseling is very low in many institutes of Korea. Furthermore, the counseling usually has been conducted at individual level, for example, one student with a professor assigned. For the specific future action plan to overcome the previously mentioned problems, such as student guidance and counseling, we suggest the group counseling proposed by Campbell and Brigman (2005) . On the other hand, some other areas which are detected as insignificant on the strategy maps are related to institutional capability. For instance, the facilities and number of faculty members are related with the size of institutes and their budget to be used at individual institutional level. In such areas, institutions should make a proper effort to improve the performance of the corresponding areas.
We expect that the framework suggested by our study can contribute to continuous improvement of engineering education in Korea. By improving the areas of some KPIs that are statistically insignificant, universities can educate and train better engineers having practical competence and quality. Furthermore, the national science and technology can be improved. Our proposed performance indicators can also be used as the basis for other countries which are in the process of assessing their engineering accreditation. Additionally, we think that proposed concept of strategy map, CSFs, and KPIs can be used in other disciplines such as management and science when some contents are revised. Further research is necessary to determine the causal relationships among the indicators (Lee et al., 2007) . Furthermore, research has to be done to determine weights of indicators. Another limitation of this research is that we did not consider the effect of the reputation of the universities. High quality students want to enroll in a university which has high reputation. Engineering education accreditation would have influence on the reputation of university. Therefore, in further study, the researcher needs to compare universities at the same level to analyze the effect of engineering education accreditation. In addition, the results of this paper are based on respondents. Therefore, in order to increase the reliability and validity of results, further study needs to increase the response rate.
